DEOXYRIBONUCLEIC acids have been prepared from a number of tumours of various types, using well-known methods which, when applied to calf thymus glands and other normal tissues, usually give a good quality of deoxyribonucleic acid (DNA), free from appreciable proportions of ribonucleic acid (RNA). It has been found that the tumour DNA's so far examined, as prepared by these methods, almost invariably contain appreciable quantities of uracil, a normal constituent of RNA, in the acid hydrolysates. The experiments reported below provide evidence that the uracil is actually a component of ribonucleic acid. If this is so, it would be possible to determine the proportion of RNA present in any given preparation if the ratios of the bases present in the RNA were known. This is not the case, but as an approximation, the ratio of RNA to DNA can be taken as equal to that of uracil to thymine, on the assumption that the proportion of uracil in RNA is the same as that of thymine in DNA.* Table I gives the analyses obtained for a number of these preparations, which can be compared with analyses of normal tissues shown in Table II . The proportion of RNA found in the tumour DNA's varies considerably even with one type of tumour. Studies were made of DNA isolated from a transplanted rat sarcoma (which had arisen in a granuloma produced by the repeated subcutaneous injection of xanthine) of different ages, but no clear trend was apparent in the analytical results (Table III) . Variations of the preparative procedure were also tried (e.g. variation in number of washings of nucleoproteins, Tables I and III), but it was not found possible to obtain DNA free from RNA by continued washing of the nucleoproteins.
DEOXYRIBONUCLEIC acids have been prepared from a number of tumours of various types, using well-known methods which, when applied to calf thymus glands and other normal tissues, usually give a good quality of deoxyribonucleic acid (DNA), free from appreciable proportions of ribonucleic acid (RNA). It has been found that the tumour DNA's so far examined, as prepared by these methods, almost invariably contain appreciable quantities of uracil, a normal constituent of RNA, in the acid hydrolysates. The experiments reported below provide evidence that the uracil is actually a component of ribonucleic acid. If this is so, it would be possible to determine the proportion of RNA present in any given preparation if the ratios of the bases present in the RNA were known. This is not the case, but as an approximation, the ratio of RNA to DNA can be taken as equal to that of uracil to thymine, on the assumption that the proportion of uracil in RNA is the same as that of thymine in DNA.* Table I gives the analyses obtained for a number of these preparations, which can be compared with analyses of normal tissues shown in Table II . The proportion of RNA found in the tumour DNA's varies considerably even with one type of tumour. Studies were made of DNA isolated from a transplanted rat sarcoma (which had arisen in a granuloma produced by the repeated subcutaneous injection of xanthine) of different ages, but no clear trend was apparent in the analytical results (Table III) . Variations of the preparative procedure were also tried (e.g. variation in number of washings of nucleoproteins, Tables I and III) (1) Enzyme method.-This has been described (Butler, Conway and James, 1954) . The precipitate is suspended in 20 per cent. NaCl, and adjusted to pH 7A4-7-8. Chymotrypsin is then added in two portions (1 mg. per 20 ml. each) at 24 hours interval. The digest is left to stand at room temperature for a further 24 hours and after filtration the nucleic acid is precipitated by adding 70 per cent alcohol. It is purified by redissolving, dialysis and reprecipitation.
(2) Detergent method. Theprocedure issimilarto that describedbyKay, Simmons and Dounce (1952): 9 ml. of 5 per cent solution of sodium dodecyl sulphate (SDS) in 45 per cent alcohol is added to each 100 ml. of homogenate made by resuspending the precipitate in 10 volumes of isotonic saline. It is stirred slowly over-night at room temperature and sodium chloride added to molar concentration. This precipitates the protein-SDS complex, and the crude DNA in the supernatant then is precipitated with alcohol. The precipitate is redissolved in water and retreated with detergent in the same way. Finally, the DNA precipitate is redissolved in water, and sodium chloride added to 0-14 M, which precipitates any residue of nucleo-protein.
In some cases it was found that after the fibrous DNA precipitate had been removed from the alcoholic solution, a flocculent precipitate of nucleic acid slowly formed in the solution on standing. This contained a larger proportion of RNA than the first fibrous precipitate (Table II) . Detection of ribose Samples of nucleic acid were hydrolysed by N H2SO4, at 1000 C., for one hour. The hydrolysate was applied to Whatman No. 1 paper and then neutralised by exposure to ammonia. Chromatograms were run in the upper layer of solvent from the mixture of n-butanol (4 vol.), ethanol (1 vol.) and water (3 vol.). The sugars were detected by spraying with aniline hydrogen phthalate.
No pentose sugar was detected in the hydrolysates of calf thymus DNA. Rat liver RNA, and samples of DNA from " xanthine ", benzpyrene and Crocker tumours and spontaneous mouse tumours, each yielded hydrolysates containing a pentose sugar, the Rf's of which were found to be the same, and it was therefore concluded that the DNA from the tumours contained the same pentose sugar (ribose) as the rat liver RNA, in addition to deoxyribose.
Removal of RNA by ribonuclease
A 0 1 per cent solution of a " xanthine " tumour DNA was incubated with a small quantity of ribonuclease, at 37°C. for 16 hours. Solid NaCl was then added to bring the solution to 2-0 M NaCl, and the solution dialysed for 24 I.Q 'IQ _QS a solution of 2-0 M NaCl followed by.exhaustive dialysis against distilled water. The nucleic acid was finally isolated by freeze-drying. It was found that the uracil and presumably the RNA, could be removed completely by this treatment (Table IV) . Removal of RNA by alkali Nucleic acid was dissolved in N/I NaOH solution to give a 0-6 per cent solution of DNA. This solution was incubated for 16 hours at 370 C., and then adjusted to pH 4 with glacial acetic acid. An equal volume of ethanol was added to precipitate the DNA, which was then washed in ethanol and acetone, and finally dried. Table  IV shows that the uracil and presumably the RNA could be removed completely by this treatment.
DISCUSSION
The presence of RNA in preparations of DNA from certain tumours has been noted by other workers. Thus Khouvine (1954) found that DNA from certain human tumours often contains 20-30 per cent of RNA and also non-nitrogenous substances which made the purification of the DNA difficult. Laland, Overend and Webb (1952) have given an analysis of a sample of DNA prepared from mouse sarcoma tissue, which suggests that the DNA contained 16 per cent RNA, but was not otherwise abnormal.
Since it has been shown that the ribonucleic acid is easily removed by ribonuclease action or by alkali, and since it appears to sediment separately in the ultracentrifuge (to be reported in detail later), it is apparently not bound to the DNA in any way and it is necessary to account for its presence in the final preparation. The essential separation between DNA and RNA is performed at the nucleoprotein stage when the ribonucleoprotein particles are dispersed by washing with isotonic saline, while the deoxyribonucleoprotein (DNP) particles are aggregated. It therefore appears that in the case of tumour tissues this separation is not complete. It was thought that a more complete separation might be effected by continued washing at the nucleoprotein stage with isotonic saline. It was found that although continued washings reduced the proportion of RNA somewhat, it was not possible to remove it completely as the material containing DNA was also washed away before it was freed from RNA.
It appeared that there is some difference between the DNP and RNP in the tumour materials, as contrasted with those from normal tissues, which prevents their complete separation by washing with isotonic saline.
In order to find if the ribonucleic acids present in the tumour cells were at all abnormal, analyses have been made of the RNA's prepared from normal and tumour tissues by the detergent (SDS) method. In the case of the " xanthine " sarcoma, there was no conspicuous difference between the normal and the tumour tissues (Table V) , but a benzpyrene sarcoma and the Walker carcinoma were both found to have an abnormally high guanine/adenine ratio. It must, however, be remembered that the yield of RNA by this method is low (ca. 50 per cent) and it is possible that the ribonucleoproteins which are not decomposed by SDS differ significantly from those which are obtained. However, analyses of the RNA which is (1) liberated and (2) not liberated by SDS from normal tissues have not shown any significant differences. The ratios of bases in the tumour DNA's are not greatly different from those in normal tissues. It is impossible to evaluate them precisely, as the base ratios of the contaminating RNA's are unknown. It is to be noted, however, that the proportion of guanine tends to be high. This would be so if the RNA present were rich in guanine. However, the removal of the RNA does not greatly reduce the proportion of guanine. It is also to be noted that the removal of RNA usually causes an increase of the adenine content, and the percentage of purines in the product is considerably above that of the pyrimidines. This suggests that when RNA is removed from the tumour DNA, the base ratios of the remaining product are somewhat abnormal.
SUMMARY
Deoxyribonucleic acid prepared from many samples of rat and mouse tumours by standard methods, which with normal tissues give DNA free from RNA, contained varying amounts of RNA. This could be removed by ribonuclease or treatment with dilute alkali and was not firmly bound to the DNA. The reason for the presence of RNA in these preparations is not known, and may lie in the presence of RNA's with exceptional properties, since some of the RNA's obtained from these preparations have an abnormally high guanine/adenine ratio.
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